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ABSTRACT 
An asset includes a short range transmitter that broadcasts a 
first signal that includes a unique identifier associated with 
the asset . Each asset is carried by one of number of mobile 
devices , and each asset is freely exchangeable between any 
of the number of mobile devices . Each of at least some of the 
mobile devices carries a receiver to receive the first signals 
within reception range of the receiver . Each of at least some 
of the mobile devices aggregates the received unique iden 
tifiers . Each of at least some of the mobile devices carries a 
transmitter that transmits a second signal that includes data 
representative of a geolocation of the respective mobile 
device and data indicative of the unique identifiers received 
by the respective mobile device to a back - end system . The 
back - end system uses the data included in the received 
second signals to track and locate assets within a geographic 
area . 

12 Claims , 6 Drawing Sheets 
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SYSTEMS AND METHODS FOR ASSET storage devices . Each of the electrically powered vehicles 
TRACKING USING AN AD - HOC MESH can aggregate the signals received from nearby portable 
NETWORK OF MOBILE DEVICES electric energy storage devices and transmit the aggregated 

signals ( each of which contains a unique ID corresponding 
BACKGROUND 5 to a single portable electric energy storage device ) along 

with data indicative of the geolocation of the electrically 
Technical Field powered vehicle to one or more back - end systems . If mul 
The present disclosure generally relates to the tracking of tiple electrically powered vehicles transmit the same por 

assets using a dynamic , ah - hoc mesh network . table electric energy storage device identifier , the one or 
Description of the Related Art 10 more back end systems can use the geolocation data to 
Assets take many forms . In a typical asset tracking triangulate a more precise location of a particular portable 

system , identifiers carried by each asset to be tracked are electric energy storage device . Such systems and methods 
periodically or continuously read using a fixed infrastruc - also permit the portable electric energy storage device 
ture , for example using terrestrial based communication supplier to locate a particular portable electric energy stor 
networks ( e . g . , cellular communication networks ) or non - 15 age device . 
terrestrial based communication networks ( e . g . , satellites ) . Each portable electric energy storage device is equipped 
Terrestrial networks are often limited in geographic extent with a transponder . Such transponders may take the form of 
and are sometimes unable to track assets that may be passive devices , active devices , or combinations thereof . 
disposed in remote locations or other areas where the Where passive transponders are used , some or all of the 
terrestrial network has inadequate or incomplete coverage . 20 electrically powered vehicles may carry an interrogator or 
Expanding terrestrial networks is often time consuming and similar device that causes nearby passive transponders to 
expensive due to the myriad of federal , state , and local broadcast data indicative of the unique identifier assigned to 
regulations covering the installation of network components the portable electric energy storage device . Where active 
such as cellular towers . Non - terrestrial networks offer transponders are used , some or all of the electrically pow 
broader coverage , but require significantly greater coverage 25 ered vehicles may carry a receiver tuned to the transmission 
is possible , however costs for both infrastructure and band frequency of the active transponders . Such active transpon 
width are significantly greater than for terrestrial networks . ders may be powered using a dedicated power cell or using 

a small quantity of energy provided by the portable electric 
BRIEF SUMMARY energy storage device itself . 

30 An asset tracking system may be summarized as includ 
An environmentally - friendly transportation infrastructure ing : a plurality of assets to be tracked , each of the assets 

can include a number of vehicle technologies including having a unique identifier associated therewith and an active 
electric ( e . g . , battery powered ) and hybrid - electric ( e . g . , transmitter that broadcasts a first signal including data 
gasoline - electric hybrids ) vehicles . While the environmental representative of the respective unique identifier assigned to 
benefits of electric vehicles outweigh those of hybrids , 35 the respective asset ; a plurality of mobile devices , each of 
widespread acceptance of electrically powered or battery the mobile devices capable of carrying at least one of the 
powered vehicles has been hindered by the perceived diffi plurality of assets ; wherein each of the plurality of assets is 
culty in charging the secondary storage devices that power freely exchangeable between at least two of the plurality of 
such vehicles . Exchanging of depleted or discharged electric mobile devices ; wherein each of at least a number of the 
energy storage devices for charged electric energy storage 40 plurality of mobile devices includes a receiver to receive and 
devices such portable electric energy storage devices per - an aggregator to aggregate a number of first signals broad 
mit rapid exchange and minimize the vehicular downtime . cast by each of a respective number of assets ; and wherein 
However , by nature of their portability , such portable elec - each of the number of the plurality of mobile devices 
tric energy storage devices are susceptible to misplacement , transmits a respective second signal that includes data 
misappropriation , or theft . 45 representative of a geolocation of the respective mobile 

The provision of portable electric energy storage devices device and data representative of the aggregated number of 
for use in electrically powered vehicles may take the form of first signals received by the respective mobile device from 
a service provided by either the vehicle manufacturer or a each of the respective number of assets . 
separate entity using charging and distribution stations dis - The asset tracking system may further include : a back - end 
persed about a geographic area . One such model envisions 50 system including at least one communications interface to 
the provision of portable electric energy storage devices to receive the second signal broadcast by each of the number 
customers as a service where customers are able to select of the plurality of mobile devices ; at least one processor 
plans according to their driving habits and needs . In such communicably coupled to the at least one communications 
instances , making a large number of portable electric energy interface ; and a nontransitory storage media communicably 
storage devices available to customers in a public environ - 55 coupled to the at least one processor , the nontransitory 
ment increases the need for locating lost or stolen portable storage media including instructions that , when executed by 
electric energy storage devices . the at least one processor , cause the at least one processor to : 

Providing a tracking system capable of locating lost or determine a location of each of at least some of the plurality 
stolen portable electric energy storage devices can reduce of assets using a number of second signals , each transmitted 
the incidence of theft and assist in locating lost or wayward 60 by a respective one of the number of mobile devices , the 
portable electric energy storage devices . With substantial location of each of at least some of the plurality of assets 
numbers of customers , each using an electrically powered determined based at least in part on data representative of the 
mobile device ( i . e . , a vehicle such as a scooter ) it is possible geolocation information and the data representative of the 
to establish an ad - hoc mesh network in which portable aggregated number of first signals in each of the number of 
electric energy storage devices broadcast a signal containing 65 received second signals . The instructions may further cause 
a unique identifier . Each of the electrically powered vehicles the at least one processor to : receive , via an input device 
receives signals broadcast by nearby portable electric energy communicably coupled to the back end system , a unique 
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identifier associated with a particular asset ; communicate a mobile devices in each of the number of received second 
signal that polls a number of mobile devices , causing each signals . Broadcasting a second signal by each of the number 
of the number of mobile devices to broadcast a second signal of mobile devices may include : transmitting a second signal 
that includes data representative of the geolocation of the by each of the number of mobile devices only when a new 
respective mobile device and data representative of the 5 first signal is detected by the at least one controller physi 
aggregated number of first signals received by the respective cally coupled to the respective mobile device . Broadcasting 
mobile device from each of the respective number of assets ; a second signal by each of the number of mobile devices 
and determine a geographic area in which the particular may include : transmitting a second signal by each of the 
asset is physically present . The instructions may further number of mobile devices only when a loss of a first signal 
cause the at least one processor to : receive , via an input 10 is detected by the at least one controller physically coupled 
device communicably coupled to the back end system , a to the respective mobile device . The asset tracking method 
unique identifier associated with a particular asset ; and may further include : receiving , via an input device commu 
determine a location of the particular asset using the number nicably coupled to the back end system , data representative 
of received second signals and based at least in part on data of a unique identifier associated with a particular asset ; 
representative of the geolocation information and the data 15 transmitting a signal , by the back end system , that polls a 
representative of the aggregated number of first signals in number of mobile devices , causing each of the number of 
each of the number of received second signals . Each of the mobile devices to broadcast a second signal that includes 
plurality of assets may include a portable electrical energy data representative of the geolocation of the respective 
storage device . The plurality of mobile devices may include mobile device and data representative of the aggregated 
a plurality of electrically driven vehicles using at least one 20 number of first signals received by the respective mobile 
portable electrical energy storage device to provide energy device from each of the respective number of assets ; and 
to at least one electric motor . Each of the number of the determining , by the back end system , a geographic area in 
plurality of mobile devices may aggregate , from time - to - which the particular asset is physically present . The asset 
time , the number of first signals broadcast by each of the tracking method may further include : receiving , via an input 
respective number of assets ; and wherein each of the plu - 25 device communicably coupled to the back end system , data 
rality of mobile devices may transmit a respective second representative of a unique identifier associated with a par 
signal that includes data representative of a geolocation of ticular asset ; and determining , by the back end system , a 
the respective mobile device and data representative of the location of the particular asset using the number of received 
aggregated number of first signals received by the respective second signals and based at least in part on data represen 
mobile device from each of the respective number of assets 30 tative of the geolocation information and the data represen 
only when a new first signal is detected by the at least one tative of the aggregated number of first signals in each of the 
controller . Each of the number of the plurality of mobile number of received second signals . 
devices may aggregate , from time - to - time , the number of 
first signals broadcast by each of the respective number of BRIEF DESCRIPTION OF THE SEVERAL 
assets ; and wherein each of the plurality of mobile devices 35 VIEWS OF THE DRAWINGS 
may transmit a respective second signal that includes data 
representative of a geolocation of the respective mobile In the drawings , identical reference numbers identify 
device and data representative of the aggregated number of similar elements or acts . The sizes and relative positions of 
first signals received by the respective mobile device from elements in the drawings are not necessarily drawn to scale . 
each of the respective number of assets only when a loss of 40 For example , the shapes of various elements and angles are 
an existing first signal is detected by the at least one not drawn to scale , and some of these elements are arbi 
controller . trarily enlarged and positioned to improve drawing legibil 
An asset tracking method may be summarized as includ - ity . Further , the particular shapes of the elements as drawn , 

ing : receiving a number of first signals at each of a number are not intended to convey any information regarding the 
of receivers physically coupled to a respective number of 45 actual shape of the particular elements , and have been solely 
mobile devices , each of the first signals broadcast by a selected for ease of recognition in the drawings . 
respective one of a plurality of active transmitters that are FIG . 1A is a block diagram of an example mobile device 
physically coupled to a respective one of a plurality of that carries two assets and is equipped with a geolocation 
assets , each of the first signals including data representative device , a receiver , and a transmitter , according to an illus 
a unique asset identifier ; aggregating each of the unique 50 trated embodiment . 
asset identifiers included in each of the received number of FIG . 1B is a schematic network diagram showing an 
first signals by at least one controller physically coupled to example asset tracking system that uses an ad - hoc mesh 
each of the number of mobile devices and communicably network of mobile devices such as those shown in FIG . 1A 
coupled to each of the number of receivers ; transmitting a to report geolocation data and identification data unique to 
second signal by each of the number of mobile devices , each 55 nearby assets , according to one illustrated embodiment . 
of the second signals including data representative of a FIG . 1C is a table that shows example content of a number 
geolocation of the respective mobile device and data indica of second signals used in an asset tracking system , each of 
tive of the aggregated unique asset identifiers received as a the number of second signals transmitted by a respective 
first signal by the mobile device . number of mobile devices to a back - end system , according 

The asset tracking method may further include : receiving 60 to an illustrated embodiment . 
at a back end system , the number of second signals ; and FIG . 2 is a schematic diagram view showing an asset 
determining by the back end system a geographic area in tracking system that uses an ad - hoc mesh network of mobile 
which each of the plurality of assets is located using the data devices to report data unique to nearby assets , according to 
representative of the geolocation of each of the number of one non - limiting illustrated embodiment . 
mobile devices included in each of the number of received 65 FIG . 3A is a schematic showing an asset tracking system 
second signals and the data representative of the aggregated in which only a single mobile device is available to track 
unique asset identifiers received by each of the number of assets in an area , according to an illustrated embodiment . 
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FIG . 3B is a schematic showing an asset tracking system Reference throughout this specification to “ one embodi 
in which two mobile devices are available to track assets in ment ” or “ an embodiment ” means that a particular feature , 
an area , according to an illustrated embodiment . structure or characteristic described in connection with the 

FIG . 3C is a schematic showing an asset tracking system embodiment is included in at least one embodiment . Thus , 
in which four mobile devices are available to track assets in 5 the appearances of the phrases “ in one embodiment ” or “ in 
an area , according to an illustrated embodiment . an embodiment ” in various places throughout this specifi 

FIG . 4 is a high level flow diagram of an illustrative asset cation are not necessarily all referring to the same embodi 
ment . tracking method that uses an ad - hoc mesh network of mobile 

devices to report data unique to nearby assets , according to The use of ordinals such as first , second and third does not 
an illustrated embodiment . 10 necessarily imply a ranked sense of order , but rather may 

only distinguish between multiple instances of an act or FIG . 5 is a high level flow diagram of an illustrative asset structure . tracking method that uses a back end system to receive The headings and Abstract of the Disclosure provided signals from ad - hoc mesh network of mobile devices that bort herein are for convenience only and do not interpret the 
report data unique to nearby assets , according to an illus - 15 scope or meaning of the embodiments . 
trated embodiment . FIG . 1A shows an illustrative mobile device 102 posi FIG . 6 is a high level flow diagram of an illustrative asset tioned at geolocation 104 and carrying two assets 106a and 
tracking method that uses a back end system to assist in 106b , each of which includes a respective short range 
locating assets dispersed throughout a geographic area , transponder 105a and 105b , according to an embodiment . 
according to an illustrated embodiment . 20 The mobile devices 102 include , but are not limited to 

motor - driven vehicles powered in whole or in part using one 
DETAILED DESCRIPTION or more portable electric energy storage devices . Non 

limiting examples can include electrically powered bicycles , 
In the following description , certain specific details are set electrically powered motorcycles , electrically powered 

forth in order to provide a thorough understanding of various 25 scooters , and electrically powered automobiles and trucks . 
disclosed embodiments . However , one skilled in the relevant In some implementations , each mobile device 102 carries at 
art will recognize that embodiments may be practiced with least one asset 106 , for example one or more electrically 
out one or more of these specific details , or with other powered scooters 102 ( i . e . , mobile devices ) carries one or 
methods , components , materials , etc . In other instances , more portable electric energy storage devices 106 ( i . e . , 
well - known structures associated with portable electric 30 assets ) that provide energy to a prime mover that provides a 
energy storage device distribution ; communications tech - shaft output to drive the electrically powered scooter . 
nologies and / or protocols ; energy storage devices such as In some implementations , at least some of the assets 106 
batteries , supercapacitors or ultracapacitors ; power convert may be owned by a first entity ( e . g . , portable energy storage 
ers including but not limited to transformers , rectifiers , devices owned by a rental or leasing company ) and at least 
DC / DC power converters , switch mode power converters ; 35 some of the mobile devices 102 may be owned by a second 
design and structure of vehicle components ; wireless com - entity that is different from the first entity ( e . g . , an electri 
munications protocols ; controllers , and communications cally powered vehicle that is owned by a different leasing or 
systems and structures and networks have not been shown or rental company or owned directly by the consumer / operator 
described in detail to avoid unnecessarily obscuring descrip - of the electrically powered vehicle ) . 
tions of the embodiments . 40 In general , the number of assets 106 will exceed , at times 

As used herein , “ portable electric energy storage device ” by a large margin , the number of mobile devices 102 such 
or a reference to one or more " portable electric energy that , at any given time , not every asset 106 is operably 
storage devices ” can refer to any type of current or future coupled to a mobile device 102 . For example , if the asset 
developed secondary electrical energy storage device , such 106 is represented by a portable energy storage device 106 
as lithium ion , nickel / cadmium , lead / acid , nickel / metal 45 and the mobile device is represented by an electrically 
hydride , supercapacitors , ultracapacitors , and the like . powered vehicle 102 , a sufficient number of charged por 

As used herein " short range transponder ” refers to any table energy storage devices 106 should be available to 
device capable of broadcasting a signal that contains , provide at least a portion of the population of electrically 
includes , and / or carries data . Such short range transponders powered vehicles 102 a replacement portable energy storage 
can be passive devices that require the delivery of activating 50 device 106 upon return of a number of discharged portable 
energy from an external device to transmit a signal contain - energy storage devices 106 . In such instances , the value of 
ing , including , or carrying unique identification data ( e . g . , a the mobile devices 102 carrying the assets 106 may exceed 
passive radio frequency ID or “ RFID ” transponder requiring the value of the assets 106 . 
activation energy supplied by an external RF source ) . Such At times , the population density of portable energy stor 
short range transponders can include active devices that use 55 age devices 106 ( e . g . , number of portable energy storage 
a power supply such as a battery to broadcast a signal devices 106 per a defined unit area ) can be greater than the 
containing , including , or carrying unique identification data population density of electrically powered vehicles 102 
( e . g . , an active RFID transponder coupled to a stored energy ( e . g . , number of electrically powered vehicles 102 per 
device such as a battery ) . A short range transponder can use defined unit area ) . At other times , the population density of 
any current or future developed communication technology 60 electrically powered vehicles 102 can be greater than the 
including , but not limited to , RFID , near - field communica population density of portable energy storage devices 106 . 
tions ( NFC ) , BLUETOOTH® , and the like . The population density of assets 106 ( e . g . , portable energy 

Unless the context requires otherwise , throughout the storage devices 106 ) may be 1 or more per 1000 square 
specification and claims which follow , the word " comprise " meters ( m² ) ; 5 or more per 1000 m2 ; 5 or more per 1000 m² ; 
and variations thereof , such as , " comprises ” and “ compris - 65 10 or more per 1000 m² ; 50 or more per 1000 m² ; 100 or 
ing ” are to be construed in an open , inclusive sense that is more per 1000 m2 ; 500 or more per 1000 m² ; or 1000 or 
as “ including , but not limited to . ” more per 1000 m² . The population density of mobile devices 
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102 ( e . g . , electrically powered vehicles 102 ) may be 1 or asset 106 may be represented by a portable energy storage 
more per 1000 square meters ( m² ) ; 5 or more per 1000 m² ; device 106 owned by a first entity and the mobile device 102 
5 or more per 1000 m´ ; 10 or more per 1000 m² ; 25 or more may be represented by an electrically powered vehicle 102 , 
per 1000 m² ; 50 or more per 1000 m² ; 100 or more per 250 such as a scooter , owned by a second entity that may be 
m “ ; or 500 or more per 1000 m . 5 different from the first owner . The portable energy storage 

Each mobile device 102 is positioned at a geolocation 104 106 device may carry a cellular transceiver chip that is 
that can be determined using any current or future developed communicably coupled to a vehicle controller in the elec 
geolocation technology . For example , some or all of the trically powered vehicle 102 . The vehicle controller 102 or 
mobile devices 102 can include a global positioning system one or more other vehicular systems , for example a geolo 
( " GPS " ) receiver capable of providing data indicative of the 10 cation system , may communicate operational , performance , 
geolocation 104 the respective mobile device 102 . At times , or location data to the cellular chip carried by the portable 
such geolocation data 104 can be directly communicated energy storage device 106 for transmission to one or more 
from the on - board geolocation device to the transmitter 110 . remote devices such as a back end system operated by the 
At other times , the geolocation data 104 can be indirectly first owner . The second owner may or may not be aware of 
communicated from the on - board geolocation device to the 15 the data transmission by the cellular chip and may or may 
transmitter 110 , for example via one or more vehicular buses not be aware of the content of the data transmission by the 
to one or more vehicular controllers that are communicably cellular chip . 
coupled to the transmitter 110 . In some implementations , the short range transponder 105 

The mobile device 102 carries two assets 106a and 106b carried by the asset 106 can include a passive transponder 
( collectively " assets 106 " ) . Each of the assets 106 can 20 105 that receives energy from an external source , for 
include one or more components that are freely exchange example an interrogation signal . In other implementations , 
able ( i . e . , can be used interchangeably ) between some or all the short range transponder 105 carried by the asset 106 is 
of a population of mobile devices 102 . For example , each an active transponder 105 that is either self - powered or 
asset 106 might include a portable energy storage device , receives power from the asset 106 . The short range tran 
such as a secondary battery ( e . g . , a lithium ion battery ) , that 25 sponder 105 can communicate using one or more standard or 
is freely exchangeable between mobile devices 102 and can proprietary communications protocols . In some implemen 
be used to power each of at least a portion of a population tations , the short range transponder 105 can include one 
of mobile devices 102 , such as each of at least a portion of more devices powered via an external power supply such as 
the electrically powered scooters in a population of electri - a solar cell , wind turbine or other renewable energy source . 
cally powered scooters or other similar electrically powered 30 The short range transponder 105 is physically coupled to 
vehicles . the asset 106 in a manner that deters removal of the short 

Each of the assets 106 carries a respective short range range transponder 105 from the asset 106 . In some instances , 
transponder 105a and 105b ( collectively " short range tran - the short range transponder 105 is disposed inside an exter 
sponders 105 % ) . The short range transponders either autono nal case holding the asset 106 . For example , the short range 
mously or upon interrogation generate a respective first 35 transponder 105 may be disposed inside the case of an asset 
signal 107a and 107b ( collectively , " first signals 107 " ) . Each 106 such as a lithium ion battery . 
of the first signals 107 includes data indicative of a unique At least some of the mobile devices 102 carry a receiver 
identifier assigned to the particular asset 106 carrying the 109 that receives first signals 107 generated by the short 
respective short range transponder 105 . At other times , the range transponder 105 in each of the assets 106 carried by 
first signal 107 generated by some or all of the short range 40 the respective mobile device 102 . In some implementations , 
transponders 105 may include additional information such the mobile device 102 ( e . g . , an electrically powered vehicle 
as asset specific information . For example , where the assets such as a scooter ) carrying the receiver 109 and the trans 
106 include secondary portable energy storage device ( i . e . , mitter 110 can be of considerably greater value than the asset 
rechargeable batteries ) , the first signal 107 may include 106 ( e . g . , a portable electric energy storage device such as 
charge information such as charge level , charge cycles , 45 a lithium ion battery or pack of lithium ion batteries 106 
average rate of charge , average rate of discharge , and the used to power the scooter 102 ) . The receiver 109 also 
like . receives first signals 107 generated by the short range 

Although the short range transponders 105 are discussed transponders 105 in assets 106 located within the detection 
herein in the context of a Near Field Communication or range 112 of the receiver 109 . For example , the receivers 
RFID device , it should be understood that the short range 50 109 carried by some or all of the mobile devices 102 may 
transponder 105 carried by some or all of the assets 106 can receive first signals 107 generated by short range transpon 
be replaced by a long range communication device such as ders 105 within a range or radius of about 1 meter or less ; 
a CDMA , GSM , 3G , 4G , or LTE cellular communication about 5 meters or less ; about 10 meters or less ; about 25 
device . In such instances , the long range device may wiredly meters or less ; about 50 meters or less ; about 100 meters or 
or wirelessly communicably couple to one or more devices 55 less , or 100 meters or more from the mobile device 102 
carried by the asset 102 and may receive signals including carrying the respective receiver 109 . Although described in 
operational data related to one or more functions performed the context of ranges of less than 100 meters , and while such 
by the mobile device 102 . In such instances , the function - shorter ranges may offer benefits in the form of power 
ality of the long range device may replace some or all of the consumption , such should not be considered limited to 
functionality of the receiver 109 and / or the transmitter 110 . 60 shorter distances . 
Given the relatively larger population of assets 106 in Each of at least some of the mobile devices 102 carries a 
comparison to the relatively smaller population of mobile transmitter 110 that generates a second signal 108 that is 
devices 102 , it is financially advantageous that the short communicated to one or more back - end systems 130 via the 
range transponder 105 coupled to the asset is inexpensive . one or more networks 120 . Such transmitters 110 may 
For example , the short range transponder 105 may be a 65 include radio frequency ( RF ) transmitters , such as one or 
relatively inexpensive NFC or RFID transponder rather than more terrestrial communication transmitters including one 
a relatively expensive cellular transponder . For example , the or more cellular telephone ( GSM , CDMA , etc . ) transmitters . 
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Communication between the transmitter 110 and the one or provides the ability to locate lost or misappropriated assets 
more back - end systems 130 can be unidirectional or bidi - 106 in an area even if the assets 106 have been removed 
rectional . At times , the receiver 109 carried by a mobile from a mobile device 102 . 
device 102 may be directly or indirectly , wiredly ( e . g . , via FIG . 1B shows an asset tracking system 100 that uses an 
one or more vehicle busses such as a controller area network 5 ad - hoc mesh network of mobile devices 102a - 102d ( collec 
bus or “ CAN bus ” ) or wirelessly communicably coupled to tively “ mobile devices 102 ' ) to report data unique to nearby 
the transmitter 110 . In one implementation , the receiver 109 assets 106a - 106d ( collectively " assets 106 " ) that can , but 
may be indirectly communicably coupled to the transmitter does not necessarily , include portable electric energy storage 
110 , for example via one or more CAN buses to one or more devices used to power the respective mobile devices 102 , 
vehicle controllers . In another implementation , the receiver 1 according to one illustrated embodiment . Each mobile 
109 may be a portion of the transmitter 110 ( i . e . , a trans device 102a - 102d is positioned at a different , respective , 
ceiver ) . geolocation 104a - 104d ( collectively " geolocations 104 ” ) . 

The second signal 108 provided by the transmitter 110 As depicted in FIG . 1B , transmitter 110a will generate and 
includes data indicative of the geolocation 104 of the mobile 15 transmit a second signal 108a that includes data indicative of 
device 102 carrying the transmitter 110 generating the the geolocation 104a of mobile device 102a along with data 
second signal 108 . The second signal 108 also includes data indicative of the unique identifiers contained in first signals 
indicative of the unique identifier contained in each first 107 received by receiver 109a from each of the short range 
signal 107 currently being received by the receiver 109 . As transponders 105a , 105b1 , and 105b2 coupled to assets 106a 
such , the second signal 108 provides the back end system 20 ( carried by the mobile device 102a carrying transmitter 
with data indicative of the geolocation of the mobile device 110a ) , 106b , and 106b . Similarly , transmitter 110c will 
102 carrying the transmitter 110 generating the respective generate and transmit a second signal 108c that includes data 
second signal 108 and data indicative of every asset 106 that indicative of the geolocation 104c of mobile device 102c 
broadcast the first signal and is located within the detection along with data indicative of the unique identifiers contained 
range of the receiver 109 carried by the mobile device 102 . 25 in first signals 107 received by receiver 109c from each of 

The second signal 108 can be generated and transmitted the short range transponders 105a , 105 , 105b2 , 105c , 
by each transmitter 110 continuously , intermittently at 105d , and 105d , coupled to assets 106a , 106 , 106b2 , 
irregular intervals , periodically , or from time - to - time . For 106c , 106d , and 106d2 , respectively . Likewise , transmitter 
example , the second signal 108 can be generated and trans - 110d will generate and transmit a second signal 108d that 
mitted by each transmitter 110 at periodic intervals of about 30 includes data indicative of the geolocation 104d of mobile 
15 seconds , 30 seconds , 1 minute , 3 minutes , 5 minutes , or device 102d along with data indicative of the unique iden 
10 minutes . At times , the second signal 108 can be generated tifiers contained in first signals 107 received by receiver 
and transmitted by each transmitter 110 on an event driven 109d from each of short range transponders 1050 , 105d , 
basis , for example when a particular asset 106 enters or and 105d , coupled to assets 106c , 10601 , and 106d2 , respec 
leaves the detection range 112 of the receiver 109 carried by 35 tively . 
the respective mobile device 102 . The transmitter 110 can The content of the second signals 108 transmitted by each 
transmit the second signal 108 in encrypted or unencrypted transmitter 110 will vary with time as other short range 
format . Further , the data included in the second signal 108 transponders 105 and / or mobile devices 102 enter and leave 
generated and transmitted by transmitter 110 is not limited the range of the receiver 109 carried by the respective 
to only geolocation and unique identifier data and can , at 40 mobile device 102 . Advantageously , since the mobile 
times , include additional information , such as received sig devices 102 themselves move between geographic locations , 
nal strength of some or all first signals 107 received at the static assets 106 ( i . e . , assets 106 that are not carried by other 
receiver 109 carried by respective mobile device 102 . mobile devices 102 ) can be detected . Such an ad - hoc mesh 

The second signals 108 are communicated to the one or network provides the capability of detecting and locating 
more back - end systems 130 via one or more networks 120 . 45 assets 106 that are both carried by other mobile devices 102 
In some instances , the transmitter 110 can aggregate a and assets 106 that have been removed from a mobile device 
number of received first signals 107 prior to transmitting the 102 . 
second signal 108 to the one or more back - end systems 130 . FIG . 1C is a table showing example data content of 
In other instances , the transmitter 110 can transmit a second second signals 108 generated and transmitted by the trans 
signal 108 containing the geolocation of the respective 50 mitters 110 carried by each of the mobile devices 102 
mobile device 105 and the unique identifier from a received depicted in FIG . 1B , according to an embodiment . 
first signal 107 upon initial receipt ( or loss ) of the first signal Transmitter 110a generates and transmits a second signal 
107 . For example , the transmitter 110 can generate and 108a that includes data representative of the geolocation 
transmit a second signal 108 every time a first signal 107 104a of mobile device 102a plus data indicative of the 
containing a new unique identifier is received at ( or lost by ) 55 unique identifiers contained in first signals 107 received by 
the receiver 109 carried by the respective mobile device 102 . receiver 109a and associated with assets 106a , 106b , and 

Advantageously , an ad - hoc mesh network is formed when 106b2 . Transmitter 110c generates and transmits a second 
the detection ranges of the receivers 109 carried a plurality signal 108c that includes data representative of the geolo 
of mobile devices 102 overlap . In such instances , the unique cation 104c of mobile device 102c plus data indicative of the 
identifiers associated with assets 106 located in regions of 60 unique identifiers contained in first signals 107 received by 
detection range overlap will appear in two or more RF receiver 109c and associated with assets 106a , 106b , 106b , 
signals 108 received by the back - end system 130 . By 106c , 106d , , and 106d Transmitter 110d generates and 
analyzing the RF signals 108 received from each mobile transmits a second signal 108d that includes data represen 
device 102 , the one or more back - end systems 130 are able tative of the geolocation 104d of mobile device 102d plus 
to ascertain the geolocation of each asset 106 . Such benefi - 65 data indicative of the unique identifiers contained in first 
cially provides the back - end system user with the capability signals 107 received by receiver 109d and associated with 
to track the movement of assets 106 within an area and also assets 106c , 106d1 , and 106d2 . 



15 

US 9 , 911 , 296 B2 
12 

Since some unique identifiers appear in more than one Each of the transmitters 1106 , 110d generates and trans 
second signal 108 , the back - end system can narrow the mits a respective second signal 1085 , 108d to the one or 
geolocation of the particular asset to an intersection of the more back - end systems 130 . Each of the second signals 108 
receiver detection ranges 112 of the respective mobile contains at least data indicative of the unique identifiers 
devices 102 reporting the same unique identifier . For 5 associated with each asset 106 received by the receiver 109 
example , unique identifiers associated with assets 106d , and carried by the respective mobile device 102 , and data 
106d2 appear in both second signal 108c generated and representative of the geolocation of the respective mobile 
transmitted by transmitter 110c carried by mobile device device 102 . The back - end system 130 uses the received data 
102c and second signal 108d generated and transmitted by to at least locate particular assets 106 and also to analyze 
transmitter 110d carried by mobile device 102d . Addition - usage parameters for each of at least some of the assets 106 . 
ally , the back - end system 130 may be able to further refine The back - end system 130 may take the form of a PC , 
the location of some or all of the assets 106 based on server , or other computing system executing logic or other 
reported signal strength of the received first signal 107 at machine executable instructions . The back - end system 130 
each of the mobile devices 102 . includes one or more processors 206 , a system memory 208 

The one or more networks 120 can include any number or and a system bus 210 that couples various system compo 
combination of local area networks , wide area networks , nents including the system memory 208 to the processor 
public networks , private networks , or world - wide networks 206 . The back - end system 130 will at times be referred to in 
such as the Internet . The one or more networks 120 can the singular herein , but this is not intended to limit the 
include one or more current or future developed cellular 20 embodiments to a single system , since in certain embodi 
networks ( e . g . , GSM , CDMA , 3G , 4G , LTE ) or one or more ments , there will be more than one back - end system 130 or 
satellite communications networks . other networked computing device involved . Non - limiting 

FIG . 2 is a schematic diagram view showing an example examples of commercially available systems include , but are 
asset tracking system 200 that uses an ad - hoc mesh network not limited to , an 80x86 or Pentium series microprocessor 
of mobile devices 102 to report data unique to nearby assets 25 from Intel Corporation , U . S . A . , a PowerPC microprocessor 
106 , according to one non - limiting illustrated embodiment from IBM , a Sparc microprocessor from Sun Microsystems , 
The system 200 includes a first mobile device 102a that Inc . , a PA - RISC series microprocessor from Hewlett - Pack 
includes a single asset 106 , but is not equipped with a ard Company , or a 68xxx series microprocessor from 
receiver 109 or transmitter 110 ; a second mobile device Motorola Corporation . 
102b that includes a single asset 106b and is equipped with 30 Although not required , some portion of the embodiments 
a receiver 109b and a transmitter 110b ; an asset 106c that is will be described in the general context of computer - execut 
not coupled to a mobile device 102 ; and a third mobile able instructions or logic and / or data , such as program 
device 102d that includes two assets 106d , and 106d , , and application modules , objects , or macros being executed by a 
is equipped with a receiver and a transmitter 110 . All of the computer . Those skilled in the relevant art will appreciate 
assets 106 depicted in FIG . 2 fall within the respective 35 that the illustrated embodiments as well as other embodi 
detection range of receivers 109 and 109d . Consequently , ments can be practiced with other computer system or 
the receivers 109 receive first signals 107 generated by each processor - based device configurations , including handheld 
short range transponder 105a , 105b , 105c , 105d1 , and 105d2 . devices , for instance Web enabled cellular phones or PDAs , 
The transmitters 110b and 110d transmit second signals multiprocessor systems , microprocessor - based or program 
1085 , 108d , respectively , to the one or more back end 40 mable consumer electronics , personal computers ( “ PCs ” ) , 
systems 130 via the one or more networks 120 . network PCs , minicomputers , mainframe computers , and the 
As depicted in FIG . 2 , receiver 1096 receives first signals like . The embodiments can be practiced in distributed com 

107a , 107b , 107c , 107d1 , and 107d , from each of the short puting environments where tasks or modules are performed 
range transponders 105a , 105b , 105c , 105d , and 105d , by remote processing devices , which are linked through a 
respectively . Similarly , receiver 109d receives first signals 45 communications network . In a distributed computing envi 
107a , 107b , 107c , 107d , , and 107d , from each of the short ronment , program modules may be located in both local and 
range transponders 105a , 105b , 105c , 105d , and 105d , remote memory storage devices . 
respectively . In addition to receiving data indicative of the The processor 206 may be any logic processing unit , such 
unique identifier included in each of first signals 107a , 107b , as one or more central processing units ( CPUs ) , micropro 
107c , 107d , , and 107d , , some or all of the receivers 109 may 50 cessors , digital signal processors ( DSPs ) , graphics proces 
collect additional information including intrinsic signal sors ( GPUs ) , application - specific integrated circuits 
properties such as data indicative of received signal direc - ( ASICs ) , field programmable gate arrays ( FPGAs ) , etc . 
tion and received signal strength of the first signals 107 . Unless described otherwise , the construction and operation 

In some implementations , each of the receivers 109b , of the various blocks shown in FIG . 2 are of conventional 
109d is communicably coupled to an external controller 55 design . As a result , such blocks need not be described in 
202b , 202d , respectively . Such controllers 202 may include further detail herein , as they will be understood by those 
one or more vehicular control devices , for example a vehicu - skilled in the relevant art . 
lar controller . In some implementations , each of the receiv The system memory 208 includes read - only memory 
ers 109 and / or transmitters 110 can include an internal ( “ ROM ” ) 212 and random access memory ( " RAM ” ) 214 . A 
controller 202 . The controller 202 aggregates the received 60 basic input / output system ( “ BIOS ” ) 216 , which may be 
unique identifiers and any other intrinsic signal data from incorporated into at least a portion of the ROM 212 , contains 
each of the receiver first signals 107 , receives geolocation basic routines that help transfer information between ele 
data for the mobile device 102 from one or more geolocation ments within the back - end system 130 , such as during 
devices 2040 , 204d , such as a GPS receiver , and combines start - up . Some embodiments may employ separate buses for 
the identification data , signal property data , and geolocation 65 data , instructions and power . 
data for transmission as a second signal 108 by the trans - The system bus 210 can employ any known bus structures 
mitter 110 . or architectures . 
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The back - end system 130 also may include one or more keyboard , a pointing device such as a mouse , and / or a push 

drives 218 for reading from and writing to one or more button . Other input devices can include a microphone , 
nontransitory computer - or processor - readable media 220 joystick , game pad , tablet , scanner , biometric scanning 
( e . g . , hard disk , magnetic disk , optical disk ) . The drive 218 device , etc . These and other input devices may be connected 
may communicate with the processor 206 via the system bus 5 to the processing unit 206 through an interface such as a 
210 . The drive 218 may include interfaces or controllers ( not universal serial bus ( “ USB " ) interface that couples to the 
shown ) coupled between such drives and the system bus system bus 210 , although other interfaces such as a parallel 
210 , as is known by those skilled in the art . The drives 218 port , a game port or a wireless interface or a serial port may 
and their associated nontransitory computer - or processor - be used . One or more output devices 250 , such as a monitor 
readable media 220 provide nonvolatile storage of com - 10 or other display device , may be coupled to the system bus 
puter - readable instructions , data structures , program mod 210 via a video interface , such as a video adapter . In at least 
ules and other data for the back - end system 130 . Those some instances , the input devices 246 and the output devices 
skilled in the relevant art will appreciate that other types of 250 may be located proximate the back - end system 130 , for 
computer - readable media may be employed to store data example when the system is installed at the system user ' s 
accessible by a back - end system 130 . 15 premises . In other instances , the input devices 246 and the 

Program modules can be stored in the system memory output devices 250 may be located remote from the back 
208 , such as an operating system 230 , one or more appli end system 130 , for example when the back - end system is 
cation programs 232 , other programs or modules 234 , and hosted on a remote server system . 
program data 238 . The application program ( s ) 232 may In some implementations , the back - end system 130 uses 
include asset location , management , and tracking function - 20 one or more of the logical connections to communicate with 
ality as described herein . For example , applications pro - one or more mobile devices 102 ( e . g . , electrically powered 
grams 232 may include one or more programs to compare scooters ) , remote computers , servers and / or other devices 
received portable electric energy storage device ( i . e . , asset via one or more communications channels , for example , the 
106 ) identifiers with the geolocations of each of the respec - one or more networks 120 . These logical connections may 
tive reporting mobile devices 102 to determine an approxi - 25 facilitate any known method of permitting computers to 
mate location of each of the portable electric energy storage communicate , such as through one or more LANs and / or 
devices ( see FIG . 3 ) . WANs . Such networking environments are known in wired 

The application program ( s ) 232 may include one or more and wireless enterprise - wide computer networks , intranets , 
asset locating functions , for example a " be on the lookout extranets , and the Internet . 
for ” or “ BOLO ” function where a user enters a particular 30 In some implementations , a network port or interface 256 , 
unique asset identifier into the back - end system 130 . Such a communicatively linked to the system bus 210 , may be used 
BOLO function can , at times , communicate a particular for establishing and maintaining communications over the 
identifier to some or all of the mobile device controllers 202 communications network 120 . 
such that immediately upon receiving a first signal 108 that The back - end system 130 may include an AC / DC power 
includes data indicative of the particular unique identifier , 35 supply 260 that are each electrically coupled to the power 
the geolocation of the mobile device 102 is communicated distribution system 102 . The AC / DC power supply 260 
to back - end system 130 . Such is particularly useful when the converts AC power from a power distribution system into 
transmitter 110 generates and transmits the second signal DC power , which may be provided to power the various 
108 on a periodic basis . Such beneficially permits system components of the back - end system 130 . 
users to locate a particular asset 106 in the instance of theft 40 In the back - end system 130 , program modules , applica 
or misappropriation of the particular asset 106 . tion programs , or data , or portions thereof , can be stored in 

The application program ( s ) 232 may include one or more one or more computing systems . Those skilled in the rel 
statistical analysis functions that provide insight on asset evant art will recognize that the network connections shown 
condition , asset usage , or other asset parameters . For in FIG . 2 are only some examples of ways of establishing 
example , where the assets 106 include portable electric 45 communications between computers , and other connections 
energy storage devices , the statistical analysis functions may may be used , including wireless . In some embodiments , 
include portable electric energy storage device charge program modules , application programs , or data , or portions 
capacity , portable electric energy storage device charge thereof , can even be stored in other computer systems or 
cycles , portable electric energy storage device historical other devices ( not shown ) . 
locations / usage , and similar functions that enable the user to 50 For convenience , the processor 206 , system memory 208 , 
accurately predict portable electric energy storage device network port 256 and devices 246 , 250 are illustrated as 
life cycle parameters . communicatively coupled to each other via the system bus 

The system memory 208 may include communications 210 , thereby providing connectivity between the above 
programs 240 that permit the back - end system 130 to access described components . In alternative embodiments , the 
and exchange data with other networked systems or com - 55 above - described components may be communicatively 
ponents , such as the transponders 110 , the mobile devices coupled in a different manner than illustrated in FIG . 2 . For 
102 , and / or other computing devices . example , one or more of the above - described components 
While shown in FIG . 2 as being stored in the system may be directly coupled to other components , or may be 

memory 208 , the operating system 230 , application pro - coupled to each other , via intermediary components ( not 
grams 232 , other programs / modules 234 , program data 238 60 shown ) . In some embodiments , system bus 210 is omitted 
and communications 240 can be stored on the nontransitory and the components are coupled directly to each other using 
computer - or processor - readable media 220 or other non - suitable connections . 
transitory computer - or processor - readable media . It should be appreciated that some or all of the mobile 

Users can enter commands ( e . g . , asset location requests , devices 102 may include components similar to those com 
asset tracking requests ) and information ( e . g . , parameters ) 65 ponents present in the back - end system 130 , including the 
into the back - end system 130 using one or more communi - processor 206 , power supply 260 , power line interface 258 , 
cably coupled input devices 246 such as a touch screen or buses , nontransitory computer - or processor - readable media , 
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wired or wireless communications interfaces , and one or functionality such as geolocation data to the one or more 
more input and / or output devices . controllers or processors 202 . 
At least some of the mobile devices 102 include geolo The receivers 109 can include any device capable of 

cation systems 204 such as one or more cellular triangula receiving communications transmitted via electromagnetic 
tion and / or one or more satellite positioning receivers such 5 energy . Non - limiting examples of receivers 109 include a 
as a GPS receiver , Glonass , etc . In such instances , geoloca BLUETOOTH® receiver , a Near Field Communication 
tion data may be at least temporarily locally stored onboard ( NFC ) receiver , a Radio Frequency Identification ( RFID ) the mobile device 102 in nontransitory computer - or pro receiver or interrogator , or any similar current or future cessor - readable media or memory . developed receiver having a defined reception range and Some or all of the mobile devices 102 may include one or 10 providing the capability to receive first signals 107 gener more processors and nontransitory computer - or processor ated by the short range transponders 105 carried by assets readable media or memory , for instance one or more data 106 . Non - limiting examples of WIFI® short - range trans stores that may include nonvolatile memories such as read 
only memory ( ROM ) or FLASH memory and / or one or ceivers / receivers 109 suitable for receiving first signals 107 
more volatile memories such as random access memory 15 gene 15 generated by the transponders 105 carried by each asset 106 
( RAM ) . include various chipsets available from Broadcom , includ 
Some or all of the mobile devices 102 include one or more ing BCM43142 , BCM4313 , BCM94312MC , BCM4312 , 

receivers 109 and transmitters 110 , which may at times and chip sets available from Atmel , Marvell , or Redpine . 
include one or more radios and associated antennas . For Non - limiting examples of BLUETOOTH® short - range 
example , the mobile devices 102 may include one or more 20 transceivers / receivers 109 suitable for receiving first signals 
cellular receivers 109 and transmitters 110 for communicat - 107 generated by the transponders 105 carried by each asset 
ing with the back - end system 130 and one or more short - 106 include various chipsets available from Nordic Semi 
range receivers 109 and transmitters 110 , such as WIFI® conductor , Texas Instruments , Cambridge Silicon Radio , 
transceivers or radios , BLUETOOTH® transceivers or Broadcom , and EM Microelectronic . 
radios , along with associated antennas for communicating 25 The transmitters or radios 110 can include any device 
with the short range transponders 105 carried by each asset capable of transmitting communications via electromagnetic 
106 . energy . Non - limiting examples of cellular communications 
Some or all of the mobile devices 102 may include a user transceivers 110 include a CDMA transceiver , a GSM trans 

input / output subsystem , for example including a touch ceiver , a 3G transceiver , a 4G transceiver , an LTE trans 
screen or touch sensitive controls and / or display device and 30 ceiver , and any similar current or future developed comput 
one or more speakers . ing device transceiver having at least one of a voice 
Some or all of the components carried by the mobile telephony capability or a data exchange capability . In at least 

device 102 may be communicably coupled using at least one some instances , the transmitters 110 can include more than 
bus or similar structure adapted to transferring , transporting , one interface . For example , in some instances , the transmit 
or conveying data between the devices , systems , or compo - 35 ters 110 can include at least one dedicated , full - or half 
nents . The bus can include one or more serial communica - duplex , voice call interface and at least one dedicated data 
tions links or a parallel communications link such as an interface . In other instances , the transmitters 110 can include 
8 - bit , 16 - bit , 32 - bit , or 64 - bit data bus . In some embodi - at least one integrated interface capable of contemporane 
ments , a redundant bus may be present to provide failover ously accommodating both full - or half - duplex voice calls 
capability in the event of a failure or disruption of a primary 40 and data transfer . 
bus . FIGS . 3A , 3B , and 3C show various scenarios in which 

The mobile devices 102 may include one or more con the asset management and tracking system 100 can deter 
trollers or processors 202 ( e . g . , ARM Cortex - A8 , ARM mine the location of assets 106 carried by mobile devices 
Cortex - A9 , Snapdragon 600 , Snapdragon 800 , NVidia Tegra 102 and assets 306 that are not carried by mobile devices 
4 , NVidia Tegra 4i , Intel Atom Z2580 , Samsung Exynos 5 45 102 , according to an embodiment . 
Octa , Apple A7 , Motorola X8 ) adapted to execute one or FIG . 3A depicts a single mobile device 102 positioned at 
more machine executable instruction sets , for example a geolocation 104 and carrying asset 106 ( e . g . , an electrically 
conventional microprocessor , a reduced instruction set com - powered scooter 102 , at geolocation 104 , carrying a single 
puter ( RISC ) based processor , an application specific inte portable electric energy storage device 106 ) . Asset 306a 
grated circuit ( ASIC ) , digital signal processor ( DSP ) , or 50 carries transponder 305a and is positioned within the detec 
similar . Within the one or more processor ( s ) , a non - volatile tion range of receiver 109 carried by mobile device 102 . 
memory may store all or a portion of a basic input / output Transponder 305a generates a first signal 307a that includes 
system ( BIOS ) , boot sequence , firmware , startup routine , data indicative of the unique identifier assigned to transpon 
and communications device operating system ( e . g . , iOS® , der 305a . Additionally , transponder 105 carried by asset 106 
Android , Windows Phone , Windows® 8 , Linux , Unix , 55 generates a first signal 107 that is detected by receiver 109 
and similar ) executed by the one or more controllers or carried by mobile device 102 . A controller or , optionally , the 
processors 202 upon initial application of power . The one or transmitter 110 aggregates the received data indicative of the 
more controllers or processors 202 may also execute one or unique identifiers associated with assets 106 and 306a , 
more sets of logic or one or more machine executable combines the received identifier data with data representa 
instruction sets loaded from volatile memory subsequent to 60 tive of the geolocation of asset 102 . The transceiver 110 then 
the initial application of power to the one or more controllers transmits a second signal 108 to the back - end system 130 
or processors 202 . The one or more controllers or processors that includes at least the data representative of the geoloca 
202 may also include a system clock , a calendar , or similar tion of mobile device 102 and the data indicative of the 
time measurement devices . One or more geolocation received unique identifiers of assets 106 and 306a . The back 
devices , for example a Global Positioning System ( GPS ) 65 end system 130 is able to determine the location of asset 
receiver 204 may be communicably coupled to the one or 306a falls within the geographic area 112 formed by the 
more controllers or processors 202 to provide additional radius of the reception range of receiver 109 . 
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FIG . 3B depicts two mobile devices 102a and 102b reception ranges / radii 112a , 1126 , 112c , and 112d of receiv 

positioned at geolocations 104a and 104b , respectively . ers 109a , 109b , 109c , and 109d , respectively , define an area 
Mobile device 102a carries asset 106a and mobile device of intersection 230 . 
102b carries asset 106b . The reception range 112a of Asset 306a is not carried by a mobile device 102 and is 
receiver 109a carried by mobile device 102a and the recep - 5 located in the area of intersection 230 of reception ranges / 
tion range 112b of receiver 109b carried by mobile device radii 112a , 112 , 112c , and 112d of receivers 109a , 109b , 
102b overlap in area 212 . Asset 306a is not carried by a 109c , and 109d , respectively . Consequently , each of trans 
mobile device 102 and is located within the detection radius mitters 110a , 1105 , 110c , and 110d generates and transmits 
112a of receiver 109a but not within the detection radius a respective second signal 108a , 1085 , 108c , and 108d to 
112b of receiver 109b . Asset 306c is not carried by a mobile 10 one or more back - end systems 130 that includes at least data 

representative of the geolocation 104a , 104 , 104c , and device 102 and is located within the detection radius 112b of 104d of respective mobile devices 102a , 102b , 102c , and receiver 109b but not within the detection radius 112a of 102d as well as data indicative of the unique identifier 
receiver 109a . Asset 306b is not carried by a mobile device assigned to transponder 305a carried by asset 306a . Since 
102 and is located within the detection radius 112a of 1120 OT 15 the one or more back - end systems 130 receive the unique receiver 109a and within the detection radius 112b of identifier associated with transponder 305a from each of 
receiver 109b . transmitters 110a , 1106 , 110c , and 110d , the one or more 

Receiver 109a will receive first signals 107a broadcast by back - end systems 130 can determine asset 306a lies within 
the short range transponder 105a carried by asset 106a ; the area defining the intersection 230 of the respective 
307a broadcast by the short range transponder 305a carried 20 reception ranges / radii 112a , 112b , 112c , and 112d of receiv 
by asset 306a ; and 307b broadcast by the short range ers 109a , 109b , 109c , and 109d . 
transponder 305b carried by asset 306b . Transmitter 110a Asset 306b is not carried by a mobile device 102 and is 
will transmit a second signal 108a to one or more back - end located in the area of intersection 220 of reception ranges / 
systems 130 that includes at least data representative of the radii 112a and 112d of receivers 109a and 109d , respec 
geolocation of mobile device 102a and data indicative of the 25 tively . Consequently , each of transmitters 110a and 110d 
unique identifiers associated with short range transponders generates and transmit a respective second signal 108a and 
105a , 305a , and 305b . 108d to one or more back - end systems 130 that includes at 

Receiver 109b will receive first signals 107b broadcast by least data representative of the geolocation 104a and 104d of 
the short range transponder 105b carried by asset 106b ; respective mobile devices 102a and 102d as well as data 
307b broadcast by the short range transponder 305b carried 30 indicative of the unique identifier assigned to transponder 
by asset 306b ; and 307c broadcast by the short range 305b carried by asset 306b . Since the one or more back - end 
transponder 3050 carried by asset 306c . Transmitter 110b systems 130 receives the unique identifier associated with 
will transmit a second signal 108b to one or more back - end transponder 305b from each of transmitters 110a and 110d , 
systems 130 that includes at least data indicative of the the one or more back - end systems 130 can determine asset 
geolocation of mobile device 102b and data indicative of the 35 306b lies within the area defined by the intersection 220 of 
unique identifiers associated with short range transponders the respective reception ranges / radii 112a and 112d of 
105b , 305b , and 305c . receivers 109a and 109d . 

Since the one or more back - end systems 130 receive FIG . 4 shows a high level flow diagram 400 of an 
second signals 108a and 108b containing the unique iden - illustrative asset tracking method , according to an embodi 
tifier associated with transponder 305b from both transmitter 40 ment . At times , some or all of a number of mobile devices 
110a and transmitter 110b , the back - end system 130 can 102 , such as a number of electrically powered scooters , 
determine asset 306b lies within the area defined by the carry assets 106 , such as secondary portable electric energy 
intersection 212 of the reception range / radii 112a and 1126 storage devices . In some instances , the portable electric 
of receivers 109a and 109b , respectively . Similarly , since the energy storage devices are freely exchangeable between 
one or more back - end systems 130 receives second signal 45 some or all of the electrically powered scooters . Each of the 
108a containing the unique identifier associated with tran - assets 106 carries a short range transponder 105 that broad 
sponder 305a from only transceiver 110a , the back - end casts a respective first signal 107 that includes data indica 
system 130 can determine the physical location of asset tive of an identifier unique to the asset 106 . Some or all of 
306a falls inside of the radius 112a of receiver 109a but the mobile devices 102 includes a receiver 109 to receive the 
outside of the area defined by the intersection 212 of the 50 RF signals 107 broadcast by short range transponders 105 
reception range or radii 112a and 112b of the two transceiv located within the reception range / radius 112 of the receiver . 
ers 105a and 105b , respectively . Additionally , since the one Some or all of the mobile devices 102 also include a 
or more back - end systems 130 receives second signal 108b transmitter 110 that transmits a second signal 108 to at least 
containing the unique identifier associated with transponder one back - end system 130 . The second signal 108 includes 
305c from only transmitter 110b , the back - end system 130 55 data representative of the geolocation of the mobile device 
can determine the physical location of asset 306c falls inside 102 carrying the respective transmitter 110 as well as an 
of the radius 112 of receiver 109b but outside of the area aggregated list of unique asset identifiers received from 
defined by the intersection 212 of the reception range / radii short range transponders 105 carried by assets 106 located 
112a and 112b of the two receivers 109a and 109b , respec - within the reception range / radius of the receiver 109 carried 
tively . 60 by the respective mobile device 102 . The back end system 

FIG . 3C depicts four mobile devices 102a , 102b , 102c , 130 uses the geolocation information and unique identifiers 
and 102d positioned at geolocations 104a , 104b , 104c , and to identify the locations of some or all of the assets 106 . The 
104d , respectively . Mobile device 102a carries asset 106a ; asset tracking method 400 commences at 402 . 
mobile device 102b carries asset 106b ; mobile device 102c At 404 , each of a number receivers 109a - 109n carried by 
carries asset 106c ; and mobile device 102d carries asset 65 a respective number of mobile devices 102a - 109n receives 
106d . The reception ranges / radii 112a and 112d of receivers a number of first signals broadcast by short range transpon 
109a and 109d define an area of intersection 220 . The ders 105a - 105n carried by a respective number of assets 
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106a - 106n . The first signal 107 broadcast by each of the asset 106 is carried by a mobile device 102 , detection of 
short range transponders 105 includes data indicative of a assets 106 using a network of mobile devices 102 is both 
unique identifier that uniquely identifies the particular tran rapid and effective regardless of the location of the asset 106 . 
sponder 105x that generated and broadcast the first signal The method 600 commences at 602 . 
107x . At 604 , the back - end system 130 receives a user input that 
At 406 , a controller 202 or transmitter 110 on each of at includes at least one unique identifier associated with a 

least some of the mobile devices 102 aggregates the unique particular asset 106 . The user input may be received locally 
identifiers received by the receiver 109 carried by the at the back - end system 130 ( e . g . , via keyboard or similar 
respective mobile device 102 at 404 . The unique identifiers input device ) or remotely at the back end system 130 ( e . g . , 
aggregated by the controller or transmitter 110 are indicative 10 transmitted as an electronic signal from a mobile or station 
of the assets 106 that lay within the reception range / radius ary client device to the back - end system host server ) . 
112 of the receiver 109 carried by the respective mobile At 606 , the back - end system 130 determines a geographic 
device 102 . area in which the particular asset 106 was last reported . At 

At 408 , the transmitter 110 on each of at least some of the times , the back - end system 130 can determine the location 
mobile devices 102 generates a second signal 108 , which 15 of the particular asset 106 based on the most recently 
includes data representative of the geolocation of the respec - received geolocations 104 of mobile devices 102 transmit 
tive mobile device 102 and data indicative of the aggregated ting second signals 108 that include the unique identifier 
unique identifiers included in the first signals 107 received associated with the particular asset 106 . At other times , the 
by the receiver 109 on the respective mobile device 102 . The back - end system 130 can poll some or all of the network of 
second signal 108 is transmitted to one or more back - end 20 mobile devices 102 requesting those mobile devices 102 that 
systems 130 via one or more networks 120 , for example by received a first signal 107 that includes the unique identifier 
a GSM , CDMA , 3G , 4G , or LTE cellular network . The associated with the particular asset 106 to transmit a second 
method concludes at 410 . signal 108 that includes the geolocation 104 of the respec 

FIG . 5 shows a high level flow diagram 500 of an tive mobile device 102 and the unique identifier associated 
illustrative asset tracking method including a back - end sys - 25 with the particular asset 106 . The method 600 concludes at 
tem 130 determining the location of assets 106 using on 608 . 
information received in second signals 108 transmitted by a The various methods described herein may include addi 
number of transmitters 110 carried by a respective number tional acts , omit some acts , and / or may perform the acts in 
of mobile devices 102 , according to an embodiment . The a different order than set out in the various flow diagrams . 
reception range / radius 112 of the receivers 109 carried by 30 The foregoing detailed description has set forth various 
each of a number of mobile devices 102 is a defined value embodiments of the devices and / or processes via the use of 
( e . g . , 100 meters , 250 meters , 500 meters ) . Based on the block diagrams , schematics , and examples . Insofar as such 
geolocation of each mobile device 102 ; the range 112 of the block diagrams , schematics , and examples contain one or 
receiver carried by each mobile device 102 ; and the unique more functions and / or operations , it will be understood by 
identifiers for each asset 106 , the back - end system 130 35 those skilled in the art that each function and / or operation 
determines geographic areas in which each asset 106 is within such block diagrams , flowcharts , or examples can be 
located . In the event more than one transmitter 110 transmits implemented , individually and / or collectively , by a wide 
a second signal 108 including the same unique identifier , the range of hardware , software , firmware , or virtually any 
location for the respective asset 106 can be determined with combination thereof . In one embodiment , the present subject 
greater accuracy . The method 500 commences at 502 . 40 matter may be implemented via one or more microcon 

At 504 , the back - end system 130 receives the second trollers . However , those skilled in the art will recognize that 
signals 108 ( e . g . , the RF signals 108 ) transmitted by a the embodiments disclosed herein , in whole or in part , can 
number of transmitters 110 . Each of the received RF signals be equivalently implemented in standard integrated circuits 
108 includes data indicative of the geolocation of the mobile ( e . g . , Application Specific Integrated Circuits or ASICs ) , as 
device 102 carrying the transmitter 110 from which the 45 one or more computer programs executed by one or more 
respective RF signal 108 originated . Each of the received RF computers ( e . g . , as one or more programs running on one or 
signals 108 also includes data indicative of the unique more computer systems ) , as one or more programs executed 
identifier associated with each of the first signals 107 ( e . g . , by on one or more controllers ( e . g . , microcontrollers ) as one 
the RF broadcast signals 107 ) received by the receiver or more programs executed by one or more processors ( e . g . , 
carried by the respective mobile device 102 . 50 microprocessors ) , as firmware , or as virtually any combina 
At 506 , the back - end system 130 determines a geographic tion thereof , and that designing the circuitry and / or writing 

area containing each of the assets 106 associated with the the code for the software and / or firmware would be well 
received unique identifiers . The method 500 concludes at within the skill of one of ordinary skill in the art in light of 
508 . the teachings of this disclosure . 

FIG . 6 shows a high level flow diagram 600 of an 55 When logic is implemented as software and stored in 
illustrative asset locating method including a back - end sys - memory , logic or information can be stored on any non 
tem 130 receiving a user input that includes a unique asset transitory computer - readable medium for use by or in con 
identifier associated with a particular asset 106 and deter - nection with any processor - related system or method . In the 
mining the location of the particular asset 106 using geolo - context of this disclosure , a memory is a nontransitory 
cation and unique identifiers included in the second signals 60 computer - or processor - readable storage medium that is an 
108 received by the back - end system 130 from a number of electronic , magnetic , optical , or other physical device or 
mobile devices 102 , according to an embodiment . The means that non - transitorily contains or stores a computer 
back - end system 130 can be used to locate lost , stolen , or a nd / or processor program . Logic and / or the information can 
misplaced assets 106 . Advantageously , since a large network be embodied in any computer - readable medium for use by 
of mobile devices 102 will travel throughout a geographic 65 or in connection with an instruction execution system , 
area , and since the short range transponder 105 on each asset apparatus , or device , such as a computer - based system , 
will broadcast the first signal 107 regardless of whether the processor - containing system , or other system that can fetch 
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the instructions from the instruction execution system , appa - of equivalents to which such claims are entitled . Accord 
ratus , or device and execute the instructions associated with ingly , the claims are not limited by the disclosure . 
logic and / or information . We claim : 

In the context of this specification , a " computer - readable 1 . An asset tracking system , the system comprising : 
medium " can be any physical element that can store the 5 a plurality of assets to be tracked , each of the assets 
program associated with logic and / or information for use by having a unique identifier associated therewith and an 
or in connection with the instruction execution system , transmitter that broadcasts a first signal including data 
apparatus , and / or device . The computer - readable medium representative of the respective unique identifier 
can be , for example , but is not limited to , an electronic , assigned to the respective asset ; 
magnetic , optical , electromagnetic , infrared , or semiconduc - 10 a plurality of mobile devices , each of the mobile devices 
tor system , apparatus or device . More specific examples ( a capable of carrying at least one of the plurality of 
non - exhaustive list ) of the computer readable medium assets ; 
would include the following : a portable computer diskette wherein each of the plurality of assets is freely 
( magnetic , compact flash card , secure digital , or the like ) , a exchangeable between at least two of the plurality of 
random access memory ( RAM ) , a read - only memory 15 mobile devices ; 
( ROM ) , an erasable programmable read - only memory wherein each of at least a number of the plurality of 
( EPROM , EEPROM , or Flash memory ) , a portable compact mobile devices includes a receiver to receive and an 
disc read - only memory ( CDROM ) , and digital tape . aggregator to aggregate a number of first signals 

The various embodiments described above can be com broadcast by each of a respective number of assets ; 
bined to provide further embodiments . To the extent that 20 and 
they are not inconsistent with the specific teachings and wherein each of the number of the plurality of mobile 
definitions herein , all of the U . S . patents , U . S . patent appli devices transmits a respective second signal that 
cation publications , U . S . patent applications , foreign pat includes data representative of a geolocation of the 
ents , foreign patent applications and non - patent publications respective mobile device and data representative of 
referred to in this specification and / or listed in the Applica - 25 the aggregated number of first signals received by 
tion Data Sheet , including but not limited to : U . S . provi the respective mobile device from each of the respec 
sional patent application Ser . No . 61 / 601 , 949 , entitled tive number of assets ; 
" APPARATUS , METHOD AND ARTICLE FOR PROVID wherein each of the plurality of assets comprises a 
ING LOCATIONS OF POWER STORAGE DEVICE COL portable electrical energy storage device ; and 
LECTION , CHARGING AND DISTRIBUTION 30 wherein the plurality of mobile devices comprises a 
MACHINES ” and filed Feb . 22 , 2012 ; U . S . provisional plurality of electrically driven vehicles using at least 
patent application Ser . No . 61 / 511 , 900 , entitled “ APPARA one protable electrical energy storage device to pro 
TUS , METHOD AND ARTICLE FOR COLLECTION , vide energy to at least one electric motor . 
CHARGING AND DISTRIBUTING POWER STORAGE 2 . The asset tracking system of claim 1 , further compris 
DEVICES , SUCH AS BATTERIES ” and filed Jul . 26 , 2011 ; 35 ing : 
U . S . provisional patent application Ser . No . 61 / 511 , 887 , a back - end system including at least one communications 
entitled “ THERMAL MANAGEMENT OF COMPO interface to receive the second signal broadcast by each 
NENTS IN ELECTRIC MOTOR DRIVE VEHICLES ” and of the number of the plurality of mobile devices ; 
filed Jul . 26 , 2011 and U . S . provisional patent application at least one processor communicably coupled to the at 
Ser . No . 61 / 511 , 880 , entitled “ DYNAMICALLY LIMIT - 40 least one communications interface ; and 
ING VEHICLE OPERATION FOR BEST EFFORT a nontransitory storage media communicably coupled to 
ECONOMY ” and filed Jul . 26 , 2011 ; are incorporated herein the at least one processor , the nontransitory storage 
by reference , in their entirety . Aspects of the embodiments media including instructions that , when executed by the 
can be modified , if necessary , to employ systems , circuits at least one processor , cause the at least one processor 
and concepts of the various patents , applications and pub - 45 to : 
lications to provide yet further embodiments . determine a location of each of at least some of the 
While generally discussed in the environment and context plurality of assets using a number of second signals , 

of collection and distribution of portable electrical energy each transmitted by a respective one of the number of 
storage devices for use with personal transportation vehicle mobile devices , the location of each of at least some of 
such as all - electric scooters and / or motorbikes , the teachings 50 the plurality of assets determined based at least in part 
herein can be applied in a wide variety of other environ on data representative of the geolocation information 
ments , including other vehicular as well as non - vehicular and the data representative of the aggregated number of 
environments . first signals in each of the number of received second 

The above description of illustrated embodiments , includ signals . 
ing what is described in the Abstract of the Disclosure , is not 55 3 . The asset tracking system of claim 2 wherein the 
intended to be exhaustive or to limit the embodiments to the instructions further cause the at least one processor to : 
precise forms disclosed . Although specific embodiments and receive , via an input device communicably coupled to the 
examples are described herein for illustrative purposes , back end system , a unique identifier associated with a 
various equivalent modifications can be made without particular asset ; 
departing from the spirit and scope of the disclosure , as will 60 poll a number of mobile devices to broadcast a second 
be recognized by those skilled in the relevant art . signal that includes data representative of the geoloca 

These and other changes can be made to the embodiments tion of the respective mobile device and data represen 
in light of the above - detailed description . In general , in the tative of the aggregated number of first signals received 
following claims , the terms used should not be construed to by the respective mobile device from each of the 
limit the claims to the specific embodiments disclosed in the 65 respective number of assets ; and 
specification and the claims , but should be construed to determine a geographic area in which the particular asset 
include all possible embodiments along with the full scope is physically present . 
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4 . The asset tracking system of claim 2 wherein the wherein each of the plurality of assets comprises a 
instructions further cause the at least one processor to : portable electrical energy storage device ; and 

receive , via an input device communicably coupled to the wherein the number of mobile devices comprise a 
back end system , a unique identifier associated with a plurality of electrically driven vehicles using at least 
particular asset ; and one portable electrical energy storage device to pro 

vide energy to at least one electric motor . determine a location of the particular asset using the 8 . The asset tracking method of claim 7 , further compris number of received second signals and based at least in ing : 
part on data representative of the geolocation informa receiving at a back end system , the number of second 
tion and the data representative of the aggregated signals ; and 
number of first signals in each of the number of determining by the back end system a geographic area in 
received second signals . which each of the plurality of assets is located using the 

5 . The asset tracking system of claim 1 wherein each of data representative of the geolocation of each of the 
the number of the plurality of mobile devices aggregates , number of mobile devices included in each of the 
from time - to - time , the number of first signals broadcast by 15 number of received second signals and the data repre 
each of the respective number of assets ; and sentative of the aggregated unique asset identifiers 

wherein each of the plurality of mobile devices transmits received by each of the number of mobile devices in 
a respective second signal that includes data represen each of the number of received second signals . 
tative of a geolocation of the respective mobile device 9 . The asset tracking method of claim 7 wherein broad 
and data representative of the aggregated number of 20 casting a second signal by each of the number of mobile 
first signals received by the respective mobile device O devices comprises : 
from each of the respective number of assets only when transmitting a second signal by each of the number of 
a new first signal is detected by the at least one mobile devices only when a new first signal is detected 
controller . by the at least one controller physically coupled to the 

6 . The asset tracking system of claim 1 wherein each of 25 respective mobile device . 
the number of the plurality of mobile devices aggregates , 10 . The asset tracking method of claim 7 wherein broad 
from time - to - time , the number of first signals broadcast by casting a second signal by each of the number of mobile 
each of the respective number of assets ; and devices comprises : 
wherein each of the plurality of mobile devices transmits transmitting a second signal by each of the number of 

a respective second signal that includes data represen - 30 mobile devices only when a loss of a first signal is 
tative of a geolocation of the respective mobile device detected by the at least one controller physically 
and data representative of the aggregated number of coupled to the respective mobile device . 

11 . The asset tracking method of claim 7 , further com first signals received by the respective mobile device 
from each of the respective number of assets only when prising : 

a loss of an existing first signal is detected by the at 35 receiving , via an input device communicably coupled to 
least one controller . the back end system , data representative of a unique 

7 . An asset tracking method , the method comprising : identifier associated with a particular asset ; 
receiving a number of first signals at each of a number of polling , by the back end system , a number of mobile 

receivers physically coupled to a respective number of devices to broadcast a second signal that includes data 
mobile devices , each of the first signals broadcast by a 40 representative of the geolocation of the respective 

respective one of a plurality of transmitters that are mobile device and data representative of the aggregated 
number of first signals received by the respective physically coupled to a respective one of a plurality of 

assets , each of the first signals including data represen mobile device from each of the respective number of 
tative of a unique asset identifier ; assets ; and 

aggregating each of the unique asset identifiers included 45 determining , by the back end system , a geographic area in 
in each of the received number of first signals by at which the particular asset is physically present . 

12 . The asset tracking method of claim least one controller physically coupled to each of the 7 , further com 
number of mobile devices and communicably coupled prising : 
to each of the number of receivers ; and receiving , via an input device communicably coupled to 
transmitting a second signal by each of the number of 50 the back end system , data representative of a unique 
mobile devices , each of the second signals including identifier associated with a particular asset ; and 
data representative of a geolocation of the respective determining , by the back end system , a location of the 
mobile device and data indicative of the aggregated particular asset using the number of received second 
unique asset identifiers received as a first signal by signals and based at least in part on data representative 
the mobile device ; of the geolocation information and the data represen 

wherein each of the plurality of assets is freely tative of the aggregated number of first signals in each 
exchangeable between at least two of the number of of the number of received second signals . 
mobile devices ; * * * * 


